The Evaluation on the Environmental Radiation around the Nuclear Facilities in Ulsan by Yoo, Dong Han
  
저작자표시-비영리-변경금지 2.0 대한민국 
이용자는 아래의 조건을 따르는 경우에 한하여 자유롭게 
l 이 저작물을 복제, 배포, 전송, 전시, 공연 및 방송할 수 있습니다.  
다음과 같은 조건을 따라야 합니다: 
l 귀하는, 이 저작물의 재이용이나 배포의 경우, 이 저작물에 적용된 이용허락조건
을 명확하게 나타내어야 합니다.  
l 저작권자로부터 별도의 허가를 받으면 이러한 조건들은 적용되지 않습니다.  
저작권법에 따른 이용자의 권리는 위의 내용에 의하여 영향을 받지 않습니다. 
이것은 이용허락규약(Legal Code)을 이해하기 쉽게 요약한 것입니다.  
Disclaimer  
  
  
저작자표시. 귀하는 원저작자를 표시하여야 합니다. 
비영리. 귀하는 이 저작물을 영리 목적으로 이용할 수 없습니다. 
변경금지. 귀하는 이 저작물을 개작, 변형 또는 가공할 수 없습니다. 
  
 
 
 
 
The Evaluation on the Environmental Radiation 
around the Nuclear Facilities in Ulsan 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Dong Han Yoo 
 
Department of Nuclear Engineering 
 
Graduate School of UNIST 
 
2014 
 
 
 
  
 
 
 
The Evaluation on the Environmental Radiation 
around the Nuclear Facilities in Ulsan 
 
 
 
 
 
 
 
 
 
 
 
Dong Han Yoo 
 
 
 
 
 
 
 
 
Department of Nuclear Engineering 
 
Graduate School of UNIST 
 
 
  
 
 
The Evaluation on the Environmental Radiation 
around the Nuclear Facilities in Ulsan 
 
 
 
 
A thesis 
Submitted to the Graduate School of UNIST 
in partial fulfillment of the 
requirements for the degree of 
Master of Science 
 
 
 
Dong Han Yoo 
 
 
 
 
  
 
 
 
The Evaluation on the Environmental Radiation 
around the Nuclear Facilities in Ulsan 
 
 
 
Dong Han Yoo 
 
 
This certifies that the thesis of Dong Han Yoo is approved. 
 
02.03. 2014 
    
 
     
 
I 
 
 
Abstract 
 
 
This research, centered around (Shin) Kori Nuclear Power Plant (NPP) near Ulsan, which is the area 
with the highest centration of nuclear power plants in Korea, evaluated the effects nuclear facilities 
have on the surrounding environment through total of 18 sites, 47 sample examinations and t-test 
comparison verification method with non-nuclear power plant area.  
For the sample examination, 18 sites were selected considering the isotropy and easy grab of sample 
at 5 km interval from 5 km to 30 km from the nuclear facility and the 47 total samples were collected, 
which include soil, surface water, gamma dose rate, moss, pine needles, rice, and cabbage. Based on it, 
the distribution of radionuclide out of the environment was analyzed according to the distance from 
the nuclear facility 
 From the result, gamma dose rate using the portable dosimeter, FH-40G, counts mode and dose rate 
mode showed a radioactivity level of a background level with the average of 174±21, 173±19 nSv/h 
each. From the soil sample, out of the artificial gamma ray emission nuclide, only 137Cs showed an 
average of 13.1 Bq/kg-dry, <1.10 ~ 38.2 Bq/kg-dry. Also, from the indicator plant, at the 2 pine 
needle sites (20 km, 25 km), 137Cs was found to be 58.8, 80.8 mBq/kg-fresh each, from the Moss, 
137Cs 3.34 ~ 22.1 mBq/kg-dry was detected from all 3 samples, but at one sample (10 km), a small 
amount of 134Cs at 1.34±0.18 mBq/kg-dry was detected. However, in the surface water, all the activity 
was less than the MDA. Also, artificial radionuclide was not detected at all samples of the vegetables 
and grains harvested in the places within 5 km (short distance) and more than 10 km (above 30 km) 
from nuclear facility. Excluding the moss sample, the tendency of radioactivity concentration 
according to the distance from the nuclear facility was not found in other samples. And in soil, pine 
needle, moss samples 134Cs (half-life 2.06 years) and 137Cs (half-life 30 years), which show similar 
behavior in case of accidents, were detected.  The activity concentration of 137Cs from the soil,  was 
ranged between 4.5 and 145 Bq/kg-dry in Korean soil. Moss showed a similar level to the result (15.0 
~ 40.9 Bq/kg-dry) of the research conducted on the Jeju area without nuclear facilities. In other 
samples, artificial emission nuclide was not detected or the detected activity, where it was less than 
MDA, was too infinitesimal to be considered as an effect due to the nuclear facilities. Therefore, it 
thought that to be the effects from the atmospheric nuclear tests conducted since 1960s in the past or 
Chernobyl nuclear accidents.  
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Also, using the 2013 surveillance results of local radioactivity monitoring station, the  difference of 
the radiation/radioactivity level of the soil samples and gamma dose rate between the nuclear facility 
and the non-nuclear facility area was comparatively analyzed using the statistical t-test. The P-value 
of the soil was 0.15, which is three times higher than 0.05 of the significance level at the 95% 
confidence interval. For the gamma dose rate, compared to the non-nuclear facility area of Gunsan, P-
value was 0.17 at the dose rate mode, which is approximately three times higher than 0.05 of the 
significance level, and 0.16 at the counting mode.  
The study showed the level of environmental radiation in Ulsan had the background. It was thought 
that the nuclear facilities in Ulsan had little effects on the surrounding environments and, therefore, 
the nuclear facilities were being operated safely. 
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I. Introduction 
1.1 General Backgrounds 
Small amount of liquid- and gas-state radioactive substances which are generated during the 
operation of nuclear facilities are discharged to the environment under monitoring and control after 
appropriate treatment according to the concept of authorized discharge, and these liquid- and gas-state 
substances discharged to the environment are called radioactive effluents. In this context, a range of 
activities for the monitoring and control of radioactive substances which exist in the effluents can be 
called comprehensively as "radioactive substances control." 
Control of radioactive substances discharged from nuclear facilities to the environment aims at 
"preventing harm to the national health and environment", and ultimately, is a critical factor for 
ensuring the national acceptance and environmental friendliness of nuclear facilities. Generally, the 
amount of radioactive substances contained in effluents from nuclear facilities to the environment 
during normal operation is insignificant, and radiological hazard is negligible. As discharge of 
radioactive substances is a routine activity accompanying the operation of nuclear facilities, however, 
effluents control continues to be a general interest. Although the possibility of an accident which may 
cause significant radiological impact due to radioactive substances discharged to the environment is 
extremely low, hazard of an accident or failure is evaluated by using the measure of the effect of 
radioactive substances discharged to the environment. Therefore, effluents control of nuclear facilities 
can be a critical factor for proving and evaluating safety during normal and expected operation and 
postulated accidents. 
Radioactive substances which have been discharged to the environment make people radiation 
exposed through a variety of paths. Persons are exposed to radiation coming from radioactive plume 
which is generated by gas waste in the air or radioactive substances which have deposited on the 
surface. They are also exposed to radiation by inhalation of contaminated air or ingestion of 
contaminated food. Once liquid wastes have been discharged to the water, contaminated water or sea 
food also causes radiation exposure. 
The amount of radioactive substances discharged from reactor facilities, etc. to the environment is 
kept extremely low. Though the amount is little, it still is not zero. These radioactive substances are 
strictly controlled in discharge bays, and environmental monitoring is also performed around facilities. 
If there is any problem shown in environmental monitoring, operation procedure, gas and water 
discharge, etc. are improved to protect public health and safety. 
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Generally, radiation from and radioactivity level of radioactive substances discharged to the 
environment are very low, and the radiation from and radioactivity of natural world and radioactive 
fallout due to nuclear tests also exist in the environment. 
Due to these facts, it is required for environmental monitoring to investigate environmental radiation 
and radioactivity level before facility operation, and if a radioactive nuclide may cause a problem 
during operation, to what kind of group and through what kind of path the radioactive nuclide causes 
radiation exposure. The procedure and method of environmental monitoring are also reviewed before 
facility operation. 
As the exposure is expected through a variety of paths during operation, Measurement targets for 
environmental monitoring significantly increase. Measurement targets include gamma exposure rate, 
radioactivity concentration in the air and water, radioactivity in environmental samples such as food 
and soil, etc. 
As shown in figure 1.1, Ulsan is a region which has the highest density of nuclear generation facilities 
in Korea, and the monitoring and analysis of environmental radiation due to this facility operation 
must be performed to ensure the radiological health of residents and operational reliability of national 
nuclear facilities. In fact, (Sin) Gori Nuclear Power Plant unit 3 & 4 are being prepared for operation 
from 2014, and (Sin) NPP unit 5 & 6 are also planned for construction. Also, total 10 NPPs including 
Gori NPP unit 1 ~ 4 and (Sin) Gori unit 1 ~ 2 in Gijang-gun Busan, the western border of Ulsan city, 
and Wolseong NPP unit 1 ~ 4 and Sin Wolseong unit 1 in Gyeongju Gyeongsangbuk-do, the 
northeastern border of the city are being operated. Although these nuclear power plants are relatively 
under stable operation, discharge limits are specified within annual dose limits during operation and 
radioactive substances are discharged within 3% of recommended discharge limits. Regular and 
irregular monitoring and measurement of radiation/radioactivity are required, however, in order to 
immediately detect an unexpected accident if it occurs and protect public environment and residents. 
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Fig. 1.1 The distribution of Nuclear Power Plants around Ulsan 
 
In this research, therefore, environmental radiation/radioactivity level in Ulsan from Jan 1 to Dec 31, 
2013 has been compared with those in non-NPP regions and analyzed by using statistical methods to 
evaluate the safety of radiological environment in Ulsan. 
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II. Literature Survey 
 
2.1 Radiation 
Radiation is, in a wide meaning, a term for indicating the flow of energy like electromagnetic waves 
generally used in our life such as radio wave, light, heat ray and a variety of particle flow. But, the 
term of "radiation" used in the utilization of nuclear energy or radioactive materials only refers to 
ionizing radiation defined in Nuclear Energy Act. Ionizing radiation means radiation with high energy 
which can cause ionization when it passes through materials, and includes X-ray, electromagnetic 
wave with short wavelength, high energy photon like gamma ray, alpha ray(nucleus of helium), flow 
of particle, beta ray and neutron. [1]  
2.2 Radioactive Effluents Generated in Nuclear Facilities 
Figure 2.1 shows the path of exposure to humans, animals and plants by liquid and gas radioactive 
effluents discharged from nuclear facilities to the environment.[2] Effluents generated by nuclear 
facilities are classified into liquid and gaseous effluents according to the source of generation or 
physical state. 
 
Fig. 2.1 Main pathways of radiation exposure to humans  
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Liquid effluents are mainly generated during the disposal of system waste water or liquid radioactive 
waste. They generally include dissolved or non-dissolved solid radioactive materials, but can also 
contain dissolved noble gas. Table 2.1 shows the type and classification of liquid effluents. 
Table 2.1 Classification of liquid effluents during nuclear power plant operation 
Category Nuclides 
Fission products 
89Sr, 90Sr, 91Sr, 91mY, 91Y, 93Y, 95Zr, 95Nb, 99Mo, 
99mTc, 103Ru, 103mRh, 106Ru, 106Rh, 110mAg, 110Ag, 124Sb, 129mTe, 
129Te, 131mTe, 131Te, 131I, 132Te, 132I, 133I, 134I, 134Cs, 135I, 
136Cs, 137Cs, 137mBa, 140Ba, 140La, 141Ce, 143Ce, 143Pr, 144Ce, 144Pr; 
Activation products 24Na, 32P, 51Cr, 54Mn, 55Fe, 59Fe, 58Co, 60Co, 63Ni, 65Zn, 187W, 239Np 
Tritium 3H 
Radiocarbon 14C 
Gross alpha Total alpha activity 
Dissolved  
noble gases 
41Ar, 85mKr, 85Kr, 87Kr, 88Kr, 131mXe, 133mXe, 133Xe, 135mXe, 135Xe, 137Xe, 138Xe 
 
Gaseous effluents are mainly generated during exhaust/degasification of the system or exhaust of 
buildings, and mainly contain radioactive materials like noble gas, particulate and iodine. Therefore, 
only noble gas exists in gas state among the components of gaseous effluents, and particulates and 
iodine accompany gas in aerosol and cannot be called gas physically. So, airborne effluents can be 
more appropriate expression that gaseous effluents. Table 2.2 has shown the type and classification of 
gaseous effluents. [3] 
Table 2.2 Classification of gaseous effluents during nuclear power plant operation 
Category Nuclides 
Noble gases 
41Ar, 85mKr, 85Kr, 87Kr, 88Kr, 131mXe, 133mXe, 133Xe, 135mXe, 135Xe, 137Xe, 138Xe 
Particulates 
51Cr, 54Mn, 57Co, 58Co, 60Co, 59Fe, 89Sr, 90Sr, 95Zr, 95Nb, 103Ru, 106Ru, 125Sb,  
134Cs, 136Cs, 137Cs, 140Ba, 141Ce 
Tritium 3H 
Radiocarbon 14C 
Gross alpha Total alpha activity 
Dissolved  
noble gas 
41Ar, 85mKr, 85Kr, 87Kr, 88Kr, 131mXe, 133mXe, 133Xe, 135mXe, 135Xe, 137Xe, 138Xe 
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2.3 Environmental Radiation 
Environmental radiation is frequently understood as only referring to spatial radiation in the 
environment. But, a variety of radiations exist in the living environment and these sources of radiation 
can be classified into natural and artificial radiation. The first is natural radiation sources which 
include cosmic ray, radioactive materials composing earth's crust (uranium, thorium and their decay 
products) and radioactive materials composing human body. As humans live in the environment, 
exposure to natural radiation cannot be avoided and they have evolved together since the birth of 
human race. The second is artificial radiation sources artificially generated from the fallout by nuclear 
tests, nuclear power plants, and human needs in medical and other industries. Table 2.3 has shown the 
classification of radioactive nuclides.  
Table 2.3 Classification of radioactive nuclides 
Classification Origin Nuclides Remarks 
Natural  
Radioactive  
Nuclide 
Earth 
238U, 234U, 226Ra, 238Rn,  
218Po, 214Pb, 214Bi, 40K  
Cosmic rays 3H, 14C, 7Be 
 
Artificial  
Radioactive 
Nuclide 
Nuclear test 90Sr, 137Cs 
 
Nuclear Power Plants 
85, 87, 88, 89Kr, 89, 90Sr, 131I, 
 137Xe, 137Cs 
As human civilization develops, exposure to these natural/artificial radiations also increases. Annual 
exposure dose from these environmental radiations in Korea is about 2.4mSv. 
 
2.4 Environmental Radioactivity Monitoring 
Environmental radioactivity monitoring activities aim at protecting national health from radiation 
and conserving the environment. The main activity of environmental radiation monitoring is to early 
detect a radiological abnormality like nuclear (radiological) emergency in Korea and neighboring 
countries, establish an appropriate radioactivity countermeasure and secure safety. To accomplish this 
purpose, the distribution and change of nationwide environmental radioactivity levels including 
surrounding regions of nuclear facilities are consistently monitored and radiological surveys are 
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performed for our living environments. Environmental radioactivity monitoring system of Korea can 
be roughly classified into environmental monitoring in regions surrounding nuclear facilities and 
nationwide environmental radioactivity monitoring. Recently, private environmental monitoring 
organizations operated by local governments of the corresponding regions are established to perform 
environmental radioactivity surveys and monitoring activities for nuclear power plants and radioactive 
wastes disposal facilities. Nationwide environmental radioactivity monitoring is a system performed 
by Korea Institute of Nuclear Safety under the control of Nuclear Safety Commission, the regulatory 
agency, and an environmental monitoring activity led by the government, not a safety regulation. [4] 
 
2.4.1 Environmental radioactivity monitoring around the nuclear power plants by operator of the 
nuclear facility. 
Korea Hydro & Nuclear Power Co., Ltd., the operator of nuclear power plants, establishes 
environmental survey plans specified by 『Nuclear Safety Act』 and notifications, and performs 
environmental radioactivity monitoring activities. Table 2.4 shows environmental radioactivity 
monitoring programs. Items for radiological environmental surveys, selection of sample collection 
locations, and survey & analysis periods for each environmental sample are determined by first 
considering the distribution of population in regions surrounding facilities, expected maximum 
concentration of radioactive substances on the surface, marine conditions, topography, orientations, 
climate conditions, atmospheric diffusion factors, etc. and also reflecting facility-specific design 
characteristics, radioactive material discharge methods, etc. Survey results are submitted to Nuclear 
Safety Commission, and posted on the Web site for public access.  
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Table 2.4 The Environmental radiation/radioactivity surveillance program around the nuclear facilities 
Sample type Item analysis Period points 
Survey 
Gamma Dose Rate Gamma Dose Rate Continuous 
Each nuclear 
power plant 
TLD TLD Quarterly 12 points 
Radioactivity 
Analysis 
Environmental 
Samples 
Soil 
90Sr, 238Pu, 
239+240Pu 
Twice 10 Points 
Once 2 Points 
Marine 
Sediment 
90Sr, 238Pu 
239+240Pu 
Twice 
Once 
2-3 Points 
2-5 Points of 
catering/drain 
Atmosphere 3H, 12C Monthly 3 Points 
Pine needles 3H, 12C Monthly 3 Points 
Water 
Samples 
Sea water 
3H, 90Sr  
239+240Pu 
Quarterly 
Twice 
3-6 Points of 
catering/drain 
Ground water 3H Twice 2 Points 
Precipitation 3H Monthly Weather stations 
Food samples 
Milk 
90Sr 
3H 
14C 
Quarterly 
Twice 
Monthly 
1 Ranch 
Cabbage Gamma Isotopes Once 2 Points 
Rice Gamma Isotopes Once 2 Points 
Marine 
samples 
Fishes Gamma Isotopes Twice 2 Points 
Seaweed Gamma Isotopes Twice 2 Points 
 
2.4.2 The Nationwide of environmental radioactivity monitoring 
Nationwide environmental radioactivity monitoring has started with the establishment of 
Radioactivity Countermeasures Committee in Atomic Energy Institute in Apr 1962 to investigate and 
examine items about the measurement & analysis of radioactive fallout due to atmospheric nuclear 
tests, etc. 『Nuclear Safety Act』 stipulates that Nuclear Safety Commission shall monitor 
environmental radiation/radioactivity nationwide and evaluate the results to early detect a nuclear 
emergency in Korea and other countries for the protection of national health and conservation of 
environments. The Commission can establish and operate central and regional radioactivity 
measurement stations for systematic monitoring, and shall operate a nationwide environmental 
radiation monitoring network. Figure 2.2 shows the nationwide environmental radioactivity 
monitoring network. Centered upon Central Radioactivity Measurement Station operated by Korea 
Institute of Nuclear Safety, the monitoring network consisted of regional measurement stations in 
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Seoul(Atomic Energy Office), Incheon(Inha University), Daejeon(Chungnam University), 
Daegu(Gyeongbuk University), Busan(Fisheries College), Jeju(Jeju University) installed in 1967, 
which was the start of nationwide radioactivity measurement stations in Korea. The regional 
radioactivity measurement stations are established and operated in 15 highly populated regions 
including Seoul as shown in figure 2.3, and consist of total 120 stations if 107 small-sized 
radioactivity measurement stations (in regions surrounding nuclear power plants, weather stations, 
military bases, etc.) are counted.  
 
    
Fig. 2.2 National environmental radioactivity             Fig. 2.3 National status of radiation 
monitoring network                                   monitoring station 
 
Monitoring posts have been increased in Dokdo (Apr 1, 2011) as a nuclear safety measure to Japanese 
nuclear power plant accidents in 2011. For the expansion of the nationwide environmental radiation 
monitoring network, regional radioactivity measurement stations have been newly established in 
Ulsan and Incheon in 2012 and 2013, respectively, and a station is to be installed in Jinju, 
Gyeongsangnam-do in 2014. Korea Institute of Nuclear Safety has established "IERNet ( Integrated 
Environmental Radiation Monitoring Network)" for the efficient monitoring of environmental 
radiation, and monitors in real time nationwide spatial gamma dose rate in Central Radioactivity 
Measurement Station (KINS) and central government (Nuclear Safety Commission). Monitoring data 
collected by IERNet is open to the public through the IERNet website(http://iernet.kins.re.kr), and 
also provided to governmental agencies and relevant partners and major portal sites in Korea.[5][6] 
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2.5 Ulsan Radiation Monitoring Station 
Ulsan Regional Radioactivity Measurement Station is one of 15 nationwide radioactivity 
measurement stations, and located in Ulsan with the highest density of nuclear power plants in Korea 
(location: UNIST). Monitoring targets are radioactivity concentrations in floating dust in the 
atmosphere, fallout, rainwater and service water including spatial gamma dose rate which can fast 
detect its change for the purpose of early detection of a radiological emergency. Measurement periods 
have been set to scopes for the accomplishment of monitoring purpose according to targets. Figure 2.4 
shows the front view of Ulsan Regional Radioactivity Measurement Station, and table 2.5 shows its 
operational program. 
Table 2.5 The program of Ulsan radiation monitoring station 
List Radionuclides Period Pretreatment method 
Airborne 
Dust 
Gross Beta Weekly 
Low Volume Air 
Sampler 
Gamma 
Particle Weekly 
High Volume Air 
Sampler 
Particle/Ash Monthly 
High Volume Air 
Sampler 
Gas Weekly 
Low Volume Air 
Sampler 
Fallout Gamma Monthly Evaporation 
Precipitation 
Gross Beta Every rain Evaporation 
Gamma Monthly Evaporation 
Tap water Gamma Monthly Evaporation 
TLD Dose  Quarterly TLD 
11 
 
 
Fig. 2.4 The appearance of Ulsan radiation monitoring station 
 
2.6 Current Status of Nuclear Power Plants in Korea and Overseas 
 2.6.1 Current status of nuclear power in the world 
The world-first commercial nuclear power plant is Calder Hall Nuclear Power Plant which started 
operation in 1956. Since its operation, many countries in the world have promoted the development 
and use of nuclear power generation, and now have seen the operation of 443 nuclear power plants in 
about 30 countries. Installed capacity of these power plants is 300 million and 775 kWh which 
amounts to 14 % of total electricity generation in the world. From the current status of nuclear power 
plants in the world as shown in figure 2.5, it can be confirmed that U.S. with 104 units, France with 
58 units and Japan with 50 units are ranked as 1st, 2nd and 3rd place, respectively. Recently, 
construction of nuclear power plants is actively being promoted in Asia including Korea, Japan and 
China in order to satisfy soaring electricity demand. Particularly, China has a plan for constructing 
nuclear power plants in large scale centered upon Hangzhou and Qingdao, which makes the region the 
highest NPP density area and increases the possibility of radiological impact of nuclear accidents in 
neighboring countries on Korea. 
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Fig. 2.5 Current status of nuclear power in the world 
 
2.6.2 Current status of nuclear power plants in Korea 
In Korea, 23 units of nuclear power plants are being operated starting from Gori NPP unit 1 in 1978, 
and total 5 NPPs are being constructed in (Sin) Gori, Sin Wolseong and Sin Uljin sites. According to 
『Long-term Demand Supply Program』, total 38 units are expected by 2030, which will amount to 41 % 
of domestic electricity supply. Figure 2.6 shows the current status of Korean NPPs being operated. 
 
13 
 
 
Fig. 2.6 Current status of nuclear power plants in Korea 
 
 
2.7 Geographical Characteristics of Ulsan 
Ulsan is a typical industrial city in Korea located between Gyeongju and Busan, and has the highest 
NPP density in Korea. To the north, Wolseong NPP and Korea Radioactive Waste Agency which 
stores and controls domestically generated low and intermediate level wastes are located in Gyeongju, 
and to the south, Gori NPP is located in Gijang-gun, Busan. Additionally, (Sin) Gori NPP is being 
prepared for commercial operation in Seosaeng-myeon, Ulsan. Therefore, Ulsan has the requirement 
of consistent research on environmental radiation due to these geographical characteristics. 
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III. Experimental Methods 
 
3.1 Sampling Plan 
The process of exposure and diffusion of radioactive nuclides in the atmosphere due to an 
intentional or sudden accident plays a key role in explaining radioactive materials in the environment. 
It can be said that the exposure of radioactive materials to the air can provide a variety of radiation 
sources to the environment. γ and β radiation are radiation emitted from radioactive plume, easily 
inhalable radioactive nuclides and radioactive particles accumulated in the ground, and are emitted 
from various locations like surroundings of nuclear facilities and plants. These are discharged to the 
air and given to humans through a variety of processes and courses like dilution, deposition and 
accumulation. For example, fallout in the atmosphere may pollute water and food, and persons who 
have ingested them are subject to internal exposure.[3] To use as base data for change monitoring 
activities and national internal exposure dose evaluation, in connection with surveys for obtaining 
radiation environment data for soil, rice, cabbage, indicator plants(mugwort, pine needles), and 
centered upon (Sin) Gori unit 3 & 4, by considering a variety of factors like the theory on the 
movement and diffusion path of nuclides discharged from nuclear power plants, atmospheric 
discharge, isotropy and ease of sample collection, samples(soil, surface water, spatial gamma dose 
rate, indicator plants, etc.) have been collected at the interval of 5km from the radius of 5km to 30km 
as shown in figure 3.1 in every area of Ulsan for obtaining environmental radioactivity analysis data, 
and for indicator plants, soil samples have also been collected. As a result, the radioactivity of total 47 
samples (at 18 locations) has been analyzed. Table 3.1 shows the information on collected samples. 
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Fig. 3.1 Map showing sampling area around nuclear power plants in the Ulsan 
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Table 3.1 Sample location and sampling quantity 
Points  
Location info. Sample type 
Place name Longitude Latitude Soil 
Surface Pine 
Moss Rice 
Chinese 
ERM 
water needle cabbage 
5-1 Yong-li 35° 20' 56" 129° 19' 36" ■ ■ 
  
■ ■ ■ 
5-2 Yong-gok mt. 35° 22' 42" 129° 18' 45" ■ 
 
■ 
   
■ 
10-1 Onsan complex 35° 24' 21" 129° 19' 59" ■ ■ 
    
■ 
15-1 Dae-un mt. 35° 24' 22" 129° 14' 44" ■ 
  
■ 
  
■ 
15-2 Hoe-ya lake 35° 26' 16" 129° 16' 42" 
 
■ 
     
20-1 Jeong-Jok mt. 35° 27' 25" 129° 08' 02" ■ 
      
20-2 Kuen-ma-eul lake 35° 31' 46" 129° 25' 31" ■ ■ ■ 
   
■ 
20-3 Mujaechi swamp 35° 27' 51" 129° 08' 19" ■ 
 
■ ■ 
  
■ 
25-1 Mun-su Mt. 35° 32' 06" 129° 12' 48" ■ ■ 
    
■ 
25-2 Sap-Ho bridge 35° 33' 10" 129° 16' 57" 
 
■ 
     
25-3 Myoeng-chon 35° 34' 11" 129° 11' 27" 
 
■ ■ 
    
25-4 Ip-hwa mt. 35° 34' 37" 129° 16' 57" ■ 
     
■ 
30-1 Seok-nam temple 35° 37' 10" 129° 02' 32" ■ ■ 
 
■ 
  
■ 
30-2 Ban-gu-dae 35° 37' 01" 129° 02' 35" ■ ■ 
    
■ 
30-3 Mu-ryong mt. 35° 35' 28" 129° 23' 54" ■ 
      
30-4 Hogye station 35° 37' 28" 129° 21' 00" 
 
■ 
     
30-5 Song-Jeong lake 35° 36' 21" 129° 22' 08" ■ ■ 
    
■ 
30-6 UNIST 35° 34' 11" 129° 11' 34" 
 
■ 
  
■ ■ 
 
Total sample number 13 12 4 3 2 2 11 
 
Artificial gamma ray emitting nuclides which may be discharged from nuclear power plants like 54Mn, 
58Co, 60Co, 137Cs, 110mAg, 106Ru, 144Ce, 131I have been determined as analysis items for collected 
samples. These samples have been through appropriate pretreatment (evaporative concentration, dried 
grinding, incineration, etc.) and measured for analysis by using a high-purity germanium detector. 
 
 
 
3.2 Method of Pretreatment and Sampling 
 3.2.1 Soil 
Radioactivity concentration of soil has significant local change as soil has very different porosity or 
humidity and the concentration is significantly influenced by factors like the status of organic 
substances contained in the surface soil, type of parent rocks which determine general characteristics 
of soil. Therefore, soil samples have been collected at locations and structures without erosion and 
collapse due to water flow and flat locations without artificial disturbances by selecting a specific area 
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(1 m × 1 m = 1 m2) and average soil collection has been as the collection method. This is to determine 
the per-unit area impact of radiological emergency, and the following procedure has been used for 
sample collection. The used method is composite sampling where samples collected at 10 points are 
combined to make an average sample for the corresponding square area and radioactivity 
concentration per unit area (Bq/m2) can be calculated on the basis of the total area of 10 sampling 
rings, area of selected points, etc.  
 
1) Set the area of soil points to be collected. 
- Select a 1 m2 collection area using a tape measure (1 m × 1 m) 
- Be sure to record the size of the selected collection area in the sample collection field note. 
- Record the location information (GPS) of the collection points. 
- Record the sample collection time and weather at the time of collection (whether rainfall has  
occurred before less than 24 hours, etc.). 
- Record the sample numbers and collection dates on the vinyl bag in which samples are put into. 
2) Remove fine roots or leaves, etc. from the selected collection area, and expose surface soil.  
(Use a small entrenching shovel) 
- Remove 1 ~ 2 cm only, if leaf mold, etc. is thick. 
3) Place a sampling ring with the PVC cover covered in the collected area. 
As shown in figure 3.2, use zigzag and systematic random sampling for soil in cultivated and 
non-cultivated fields, respectively (soil in the cultivated field means rice paddy or farm which 
has a specific direction according to periodic agricultural activities) 
 
              
<Systematic random sampling>           <Zigzag random sampling> 
Fig. 3.2 Sampling method by characteristics of sample area 
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4) Using one sampling ring, collect surface soil above the depth of 5 cm at 10 points using an  
auxiliary collecting device, plastic hammer, small entrenching shovel, etc.. 
5) Combine samples collected at each point to one polyester bag to make the average soil sample  
for the selected collection area. 
- After collection, cover the PVC cap on the used sampling ring and use as a marker at other  
collection points.[7] 
 
 
Move the collected samples on the wide rectangular shelf as finely and evenly as possible to prevent 
their clustering during drying. Dry samples 100% so that total loss of weight is less than 5 % (based 
upon mass) during 24 hours, and measure & record total mass of the dried samples. [8]  
Dried samples are checked for contamination and foreign substances (wood pieces, plant roots or 
leaves and other components other than soil) are removed. Gravels are separated through the 2 mm 
sieve and the soil samples are ground to make homogeneous samples. Spread them on a wide stainless 
steel tray wide and flat, and divide them into four sections equally. Mix two sections among them 
diagonally. Repeat this work until appropriate samples have been obtained. [9] The completed 
samples have been filled in the container (diameter 50 mm, height 70 mm; Mizuho Chemical Co., 
Japan, hereinafter referred to as U-8 vial), their heights and weights have been checked, and gamma 
nuclide analysis has been performed. Figure 3.3 shows the procedure of soil pretreatment. 
 
      
 
Fig. 3.3 Soil sampling and sample preparation 
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3.2.2 Rice and cabbage 
 Rice and cabbage samples have been directly purchased from the local producers in Seosaeng-
myeon, Ulsan where nuclear power plants are located and Eonyang-eup, Ulju-gun which is about 30 
km away from the location. Outer leaves and roots of the purchased cabbage have been removed, the 
samples have been weighed with soil, dirt, etc. excluded, and dried at about 100℃. Rice has been 
weighed and put into the drier and then dried. As shown in figure 3.4, dried samples have been put 
into the incineration container, and after the temperature of the electric furnace has been set to less 
than 450℃ to prevent the loss of 137Cs, possible incineration has been completed through the stages 
of drying(200℃), charring(300℃) and incineration(450℃) and loss of samples due to flames has 
been prevented. Incinerated samples have been weighed again and incineration rates (weight of a 
sample after incineration/weight of a sample before incineration × 100) have been calculated. 
Incinerated samples have been filled in U-8 vial and their caps have been covered with paraffin film. 
Net weight and height of samples have been measured and gamma ray-emitting nuclide analysis has 
been performed by measurement for 80,000 seconds in the high-purity germanium detector. 
 
 
    
Fig. 3.4 Appearance of incineration chinese cabbages after drying 
 
3.2.3 Sampling locations of soil and needles in pine 
About 2 kg of two-year-old pine needles has been collected. Foreign substances have been removed, 
and pine needles have been dried for more than 24 hours at 100℃ to remove moisture, ground and 
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fully incinerated. Incineration has been performed through the stages of drying(200℃), 
charring(300℃) and incineration(450℃) by considering the loss of 137Cs. After that, incinerated 
samples have been weighed to obtain total incineration amount and incineration rate. Uniformly 
mixed sample-specific incineration amounts have been filled in the gamma isotope analysis container 
(U-8 vial) and the filled amount and height and fresh weight of the total incineration amount have 
been checked to calculate the measured sample amount to the filled incineration amount. Filled 
samples have been measured for 80,000 seconds by using a high-purity germanium detector. Figure 
3.5 shows the pretreatment of pine needles. As radioactivity concentration in a plant relates to that in 
soil where the plant grows, the soil at the points where plant samples are collected has been 
additionally collected to identify behavioral characteristics of radioactive nuclides in indicator plants, 
etc. by considering transfer from soil and its degree. Therefore, surface soil has been collected at the 
points where pine needles have been collected, and gamma analyzed by using the same procedure as 
in 2.1 pretreatment of soil samples. [10][11] 
 
    
Fig. 3.5 Pretreatment of pine needles 
 
3.2.4 Moss (Lichens) 
As high radioactive material concentration and fixing capability of bryophytes and Moss (Lichens) 
have been examined in many researches since Chernobyl Accident in 1986, these samples are 
considered as biomarkers for environmental radioactivity contamination. It is related to their special 
metabolizing system.[12] Moss under bryophytes absorbs nutrients and water with the entire body 
unlike common plants, and its root called rhizoid only functions for fixing the body, and does not 
absorb nutrients, etc. Due to this biological characteristics, moss well absorbs and concentrates 
radioactive materials through the air. Samples which grow on rocks, etc. within the radius of 5 m from 
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the point where each soil has been collected have been obtained. Soil attached on the root has been 
removed, other foreign substances have also been cleared, and fresh weight has been recorded. After 
completely dried in the oven for 24 hours at 100℃, the moss has been cooled at ambient temperature, 
dry-weighed, ground to homogeneous sample, and filled in the U8-vial. At the time, the amount and 
height of the filled sample have been recorded to correct the self-attenuation effect of radioactivity 
due to density difference. Figure 3.6 shows the moss collection procedure. 
 
     
Fig. 3.6 Moss pretreatment processing 
 
3.2.5 Surface water 
From inland water, more than 20 L of stream water has been collected at a time. As shown in figure 
3.7, surface water has been collected at points close to the water flowing center and whole amount has 
been evaporative concentrated by using a concentrator. Pretreatment of samples has been performed 
in less than a week to measurement by considering short half-life of 131I (8.02 days), and care has been 
taken for temperature control to ensure that there is no loss of samples and nuclides due to boiling 
during concentration. Completed samples have been filled in U8 vial and measured for 80,000 
seconds. As for Taewha River, however, large amount of sodium chloride has been precipitated 
during pretreatment due to the salt increased by rising tide as the downstream area has been made a 
lake during the dry season. As one sample (Myeongchon Bridge) has large amount of sodium 
precipitated, it has been moved to a 1L Marinelli beaker for measurement. 
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Fig. 3.7 Surface water pretreatment processing 
 
3.2.6 Environmental gamma dose rate 
Environmental gamma dose rates have been also investigated at 11 sampling locations. After a 
portable spatial gamma dose rate meter(FH40G, maker: Thermo, U.S.A.) has been placed at 1m from 
the ground as shown in figure 3.8, measurement has been performed in the counting mode (average of 
400 gamma rays)and counting rate mode (average of dose rates measured 10 times for 5 minutes for 
each) and results have been recorded.  
     
Fig. 3.8 Appearance of environmental gamma-ray dose rate measurement 
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3.3 Measurement and Analysis Methods 
 3.3.1 Principles and configuration of gamma spectrometry using HPGe detector 
Detectors used for detecting gamma ray include the gas-filled detector, scintillation detector and 
semiconductor detector. If reverse voltage is applied to the radiation detector, the depletion layer is 
generated with the carrier removed and the layer acts as a detection layer for radiation. Based upon 
the generation and collection of charges in the depletion layer, an electron is transferred from the 
valence band to conduction band due to the ionization of the incident gamma ray, and at the same 
time, a hole is generated in the valence band. Energy required for making a pair of electron-hole is 
2.96 eV for Ge semiconductor and 30 eV for gas. Ge semiconductors which have very low ionization 
energy compared with the common ionization energy of the gas ionization chamber can generate high 
charge and have statistically excellent resolution. This research has used the semiconductor detector 
with low ionization potential. Though there are Ge (Li) detector and HPGe detector in semiconductor 
detector type, an HPGe detector made by Canberra has been used in this experiment as the 
concentration of impurities is high and the detector can apply high bias voltage and be cooled for use 
with liquid nitrogen only when it is measured after stored at ambient temperature. Figure 3.9 shows 
the used detector. The diameter of the detector is 58.9 mm and length is 50.7 mm. Relative efficiency 
to 3˝ x 3˝ NaI (Tl) from 1332.5 keV of 60Co is 30 %, resolution is 2.0 keV, and peak-to-compton ratio 
is 63.8. Table 3.2 shows the characteristics of the detector in detail. 
 
Table 3.2 Detector specification and performance data 
Model No. GC3020-7500SL (CANBERRA Co.) 
Detector 
Relative Efficiency 30% 
FWHM Resolution 2.0 keV at 1.33MeV 
Peak/Compton Ratio ≥ 54 : 1 
Diameter 58.9 mm 
FWTM / FWHM 1.85 
Bias Voltage (+) 3500V 
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Fig. 3.9 HPGe γ-ray spectroscopy detector 
Spectrum for nuclide analysis has been measured with MCA (multichannel analyzer) Card (DSA-
1000), and spectrum analysis used Genie2000 program made by Canberra. Fig 3.10 shows the signal 
processing and spectrum collection flow of the detector. Required equipment are basically HPGe 
detector, preamp, main amp, ADC (Analog-to-Digital Converter), MCA and HV supply. The detector 
is mostly integrated with the preamp. Generally, main amp, ADC, HV supply and MCA use NIM 
(Nuclear Instrument Modules). These can be combined with one module and this is used in 
connection with PC via USB. In this case, gamma ray spectrum program (emulator) installed in PC 
like MAESTRO, Gamma Vision and APTEC acts as MCA, and energy spectrum results are displayed 
on the PC monitor. The detector shall be put into a lead-shielded container to exclude the effect of 
external radiation. As HPGe detector can exhibit its functions fully only after cooled to extremely low 
temperature, it shall be sufficiently cooled (77 K) for at least 2 hours before use by inserting the 
copper cooling rod connected to the detector in LN Dewar which contains liquid nitrogen. Cables 
connected to the detector consist of HV cable, output signal cable and preamp power cable. As HPGe 
detector mostly requires about 4000 V of applied voltage, HV cable, signal cable and preamp power 
cable are connected to the HV supply module of NIM, main amp module and the corresponding 
terminal on the back of main amp module, respectively. As each cable has different end form, 
confusion can be prevented. Main amp linearly amplifies the weak pulse signal outputted from pre 
amp, and the height of the amplified pulse signal indicates the energy of gamma ray. ADC converts 
the pulse outputted from main amp module to figures according to heights. The digitized pulse is 
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inputted to MCA and saved in the memory corresponding to each figure. As gamma ray spectrum 
programs mostly include nuclides library, they can find a nuclide corresponding to each energy peak 
in the library and display it on the energy spectrum.  
 
 
 
 
Fig. 3.10 Flow chart of a signal processing and collection of HPGe Detector 
 
3.3.2 Verification and calibration of the HPGe detector 
If a random sample is measured by using HPGe detector, peak area of the spectrum is obtained. The 
proportional constant which converts it to the number of gamma rays in the sample is called peak 
efficiency. If the reliability of the measured value is low as in analyzed data which does not fit well 
when analyzing environmental radiation by using HPGe detector, peak efficiency is to be examined 
first for correctness. Peak efficiency is obtained by accurately measuring the standard source and 
inputting the measured result in the efficiency calculation program. From this, relational expression is 
presented between the energy of gamma ray and peak efficiency by interpolation and this is called 
peak efficiency curve.[13] As gamma ray energy is concentrated on about 50 keV ~ 3 MeV of gamma 
nuclides for environmental radiation analysis in gamma ray spectrometry, peak efficiency correction 
is generally performed for this energy region. Although it is most ideal to make the efficiency 
correction source with the same basic material as the environmental samples in environmental 
radiation analysis, the basic materials of environmental samples are various. They include a variety of 
water samples, incineration samples and airborne dust filter samples. Therefore, it is not possible to 
make all of efficiency correction source with these basic materials. Even if sources have been made 
with the same basic material, it is not an easy job as it shall have the same geometric structure as the 
container of environmental samples. Due to this, the most frequently used method is to purchase 
standard solution containing many gamma-emitting nuclides and dilute it in distilled water or 
hydrochloric acid solution to make an appropriate height of sample vial used in labs. The most 
HPGe Preamp  Main amp PC based MCA PC 
LN2 H.V 
26 
 
important thing is, here, to use a very precise scale as precision in weight determination is required 
when diluting the standard solution by considering the dead-time of the detector due to relatively high 
concentration of the standard solution source (about 200 kBq). As it can be difficult to fill 
environmental samples at a fixed height in the volume source made by the dilution of the standard 
solution source, heights at the interval of 5 mm are made for easy efficiency application according to 
sample height. For the standard solution source, it is most desirable to have mixed gamma nuclides 
which emit gamma ray at the equal interval from about 100 keV to 2 MeV. This research used the 
standard volume source (Eckert & Ziegler) for gamma correction with mixed 109Cs, 57Co, 123mTe, 51Cr, 
113Sn, 85Sr, 137Cs, 88Y, 60Co gamma nuclides. Detailed information on the standard source is shown in 
table 3.3. 
 
Table 3.3 Standard source (Eckert & Ziegler) used for analysis of HPGe detector 
Nuclide 
Energy 
(keV) 
Activity 
(γ/s/g) 
Dilution 
ratio 
Diluted 
Source's 
weight (g) 
Activity after 
dilution 
(γ/s/g) 
214Am 60 80.5 
1.26 2.09 
51.3 
109Cd 88 80.0 51.0 
57Co 122 70.0 44.6 
123mTe 166 98.9 63.0 
51Cr 279 260 166 
113Sn 392 257 164 
85Sr 514 500 318 
137Cs 662 300 191 
88Y 898 756 481 
60Co 1173 425 270 
60Co 1333 425 271 
88Y 1836 799 509 
 
For standard sample preparation, the standard volume source with mixed gamma-emitting nuclides 
has been diluted with 1 M HCl solution, this  has been weighed in the sample container(diameter 50 
mm, height 70 mm; Mizuho Chemical Co., Japan), and radioactivity concentration has been 
calculated. As it is difficult to fill with a fixed height in environmental samples, 11 standard volume 
sources (2 mm ~ 50 mm) for the efficiency and energy correction samples have been made with 1M 
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HCl solution at the interval of about 5mm height. Each weight has been precisely determined for 
concentration correction according to the self-absorption effect. 
After U-8 vial correction has been completed, the corresponding sample is carefully put into 1 L 
Marinelli beaker. The empty U-8 vial has been cleaned with 1M HCl solution, sealed with 1L volume 
filled, and used as the correction source. First prepare the following items (electronic scale: capable of 
displaying 0.0000 g digit, pipette(5 mL), pipette tips, 1 M hydrochloric acid solution, U-8 vial, vernier 
calipers, vinyl glove, vinyl pack) and make the standard source according to the following procedure.  
 
< Making procedures >  
1) Mark on U-8 vial with vernier calipers 2 mm, and 5 mm to 50 mm at the 5 mm interval. 
2) Place the U-8 vial with the height marked on the electronic scale, weigh it, and zero-calibrate  
the scale. 
3) Carefully open the vial containing the standard source and move all the standard source into 
the zero-calibrated U-8 vial with pipette. 
4) Weigh the moved standard solution. 
5) Weigh the standard solution and zero-calibrate the scale again. 
6) With the scale zero-calibrated when the standard solution has been contained, put 1 M 
hydrochloric acid solution to the 2 mm mark with a pipette. 
7) Weigh 1M hydrochloric acid solution to the 2 mm mark.  
8) Measure the U-8 vial containing 2 mm solution, add 1M hydrochloric acid solution again 
according to each height, weight each 1 M hydrochloric acid solution and perform 
measurement. 
9) Measure 2 mm ~ 50 mm for 30,000 seconds.[7] 
 
 
 Table 3.4 and figure 3.11 show height-specific efficiency of the standard volume sources made 
according to the above procedure. As shown in table 3.4, full energy absorption peak counting 
efficiency are about 10 % in low energy area and about 1 % in high energy area according to the 
amount of the sample in the standard measurement arrangement of U-8 vials. 
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Table 3.4 Height-specific and type of radionuclides efficiency of the standard source of U-8 
Sample 
Height 
(mm) 
241Am 109Cd 57Co 123mTe 51Cr 113Sn 85Sn 137Cs 88Y 60Co 60Co 88Y 
59.54 88.03 122.06 159 320 391.7 514.01 661.66 898.04 1173.2 1332.5 1836.1 
2 0.0670 0.1340 0.1526 0.1387 0.0796 0.0686 0.0534 0.0450 0.0359 0.0286 0.0258 0.0198 
3 0.0650 0.1302 0.1483 0.1337 0.0774 0.0667 0.0520 0.0438 0.0349 0.0278 0.0250 0.0193 
4 0.0632 0.1266 0.1443 0.1291 0.0754 0.0648 0.0507 0.0427 0.0339 0.0270 0.0243 0.0188 
5 0.0614 0.1232 0.1405 0.1248 0.0734 0.0631 0.0494 0.0416 0.0330 0.0263 0.0237 0.0183 
6 0.0598 0.1199 0.1369 0.1207 0.0715 0.0614 0.0482 0.0406 0.0321 0.0256 0.0231 0.0178 
7 0.0582 0.1169 0.1334 0.1169 0.0698 0.0598 0.0470 0.0396 0.0313 0.0250 0.0225 0.0174 
8 0.0567 0.1139 0.1302 0.1133 0.0681 0.0583 0.0459 0.0387 0.0305 0.0244 0.0219 0.0169 
9 0.0553 0.1112 0.1270 0.1100 0.0665 0.0569 0.0449 0.0378 0.0298 0.0238 0.0214 0.0165 
10 0.0553 0.1087 0.1209 0.1082 0.0647 0.0556 0.0438 0.0369 0.0291 0.0232 0.0208 0.0161 
11 0.0537 0.1053 0.1170 0.1048 0.0628 0.0540 0.0426 0.0359 0.0283 0.0225 0.0202 0.0157 
12 0.0522 0.1021 0.1133 0.1016 0.0610 0.0525 0.0414 0.0350 0.0276 0.0219 0.0197 0.0153 
13 0.0508 0.0991 0.1099 0.0986 0.0593 0.0511 0.0404 0.0341 0.0268 0.0214 0.0192 0.0149 
14 0.0494 0.0963 0.1066 0.0958 0.0578 0.0497 0.0393 0.0333 0.0261 0.0208 0.0187 0.0146 
15 0.0481 0.0936 0.1036 0.0931 0.0563 0.0484 0.0383 0.0325 0.0255 0.0203 0.0182 0.0142 
16 0.0469 0.0911 0.1007 0.0906 0.0548 0.0472 0.0374 0.0317 0.0249 0.0198 0.0178 0.0139 
17 0.0457 0.0887 0.0979 0.0882 0.0535 0.0461 0.0365 0.0310 0.0243 0.0193 0.0174 0.0135 
18 0.0446 0.0864 0.0954 0.0859 0.0522 0.0450 0.0357 0.0303 0.0237 0.0189 0.0170 0.0132 
19 0.0436 0.0843 0.0929 0.0837 0.0509 0.0439 0.0348 0.0296 0.0232 0.0185 0.0166 0.0130 
20 0.0426 0.0822 0.0906 0.0817 0.0498 0.0429 0.0341 0.0290 0.0227 0.0181 0.0162 0.0127 
21 0.0416 0.0803 0.0883 0.0797 0.0487 0.0420 0.0333 0.0284 0.0222 0.0177 0.0159 0.0124 
22 0.0407 0.0784 0.0862 0.0779 0.0476 0.0411 0.0326 0.0278 0.0217 0.0173 0.0156 0.0122 
23 0.0398 0.0766 0.0842 0.0761 0.0466 0.0402 0.0319 0.0272 0.0212 0.0169 0.0152 0.0119 
24 0.0390 0.0749 0.0823 0.0744 0.0456 0.0394 0.0313 0.0267 0.0208 0.0166 0.0149 0.0117 
25 0.0382 0.0733 0.0805 0.0728 0.0446 0.0386 0.0307 0.0262 0.0204 0.0163 0.0146 0.0114 
26 0.0374 0.0718 0.0787 0.0712 0.0437 0.0378 0.0301 0.0257 0.0200 0.0159 0.0143 0.0112 
27 0.0367 0.0703 0.0770 0.0697 0.0429 0.0371 0.0295 0.0252 0.0196 0.0156 0.0141 0.0110 
28 0.0359 0.0688 0.0754 0.0683 0.0420 0.0363 0.0289 0.0247 0.0192 0.0153 0.0138 0.0108 
29 0.0353 0.0675 0.0739 0.0669 0.0412 0.0357 0.0284 0.0243 0.0189 0.0151 0.0136 0.0106 
30 0.0346 0.0661 0.0724 0.0656 0.0405 0.0350 0.0279 0.0238 0.0185 0.0148 0.0133 0.0104 
31 0.0340 0.0649 0.0710 0.0643 0.0397 0.0344 0.0274 0.0234 0.0182 0.0145 0.0131 0.0102 
32 0.0333 0.0637 0.0696 0.0631 0.0390 0.0337 0.0269 0.0230 0.0179 0.0143 0.0128 0.0101 
33 0.0328 0.0625 0.0683 0.0619 0.0383 0.0332 0.0264 0.0226 0.0176 0.0140 0.0126 0.00990 
34 0.0322 0.0613 0.0670 0.0608 0.0376 0.0326 0.0260 0.0223 0.0173 0.0138 0.0124 0.00974 
35 0.0316 0.0602 0.0658 0.0597 0.0370 0.0320 0.0256 0.0219 0.0170 0.0136 0.0122 0.00958 
36 0.0311 0.0592 0.0646 0.0587 0.0364 0.0315 0.0251 0.0216 0.0167 0.0133 0.0120 0.00943 
37 0.0306 0.0582 0.0635 0.0576 0.0358 0.0310 0.0247 0.0212 0.0164 0.0131 0.0118 0.00928 
38 0.0301 0.0572 0.0624 0.0567 0.0352 0.0305 0.0243 0.0209 0.0162 0.0129 0.0116 0.00914 
39 0.0296 0.0562 0.0613 0.0557 0.0346 0.0300 0.0240 0.0206 0.0159 0.0127 0.0115 0.00900 
40 0.0291 0.0553 0.0603 0.0548 0.0341 0.0295 0.0236 0.0203 0.0157 0.0125 0.0113 0.00886 
41 0.0287 0.0544 0.0593 0.0539 0.0335 0.0291 0.0232 0.0200 0.0154 0.0123 0.0111 0.00873 
42 0.0283 0.0536 0.0583 0.0530 0.0330 0.0286 0.0229 0.0197 0.0152 0.0122 0.0109 0.00860 
43 0.0278 0.0527 0.0574 0.0522 0.0325 0.0282 0.0225 0.0194 0.0150 0.0120 0.0108 0.00848 
44 0.0274 0.0519 0.0565 0.0514 0.0320 0.0278 0.0222 0.0191 0.0148 0.0118 0.0106 0.00836 
45 0.0270 0.0511 0.0556 0.0506 0.0316 0.0274 0.0219 0.0188 0.0146 0.0116 0.0105 0.00824 
46 0.0266 0.0504 0.0548 0.0499 0.0311 0.0270 0.0216 0.0186 0.0144 0.0115 0.0103 0.00813 
47 0.0262 0.0496 0.0540 0.0491 0.0307 0.0266 0.0213 0.0183 0.0142 0.0113 0.0102 0.00802 
48 0.0259 0.0489 0.0532 0.0484 0.0303 0.0262 0.0210 0.0181 0.0140 0.0112 0.0100 0.00791 
49 0.0255 0.0482 0.0524 0.0477 0.0298 0.0259 0.0207 0.0178 0.0138 0.0110 0.00991 0.00780 
50 0.0252 0.0475 0.0516 0.0471 0.0294 0.0255 0.0204 0.0176 0.0136 0.0109 0.00978 0.00770 
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Fig. 3.11 Relationship between sample height and inverse efficiency 
 
If a decaying nucleus emits gamma rays with different energy, these multiple gamma rays are 
simultaneously detected instead of being separately detected, which is shown as the sum of the energy 
in the measured spectrum, making counting loss in the original energy peak. Particularly, this true 
simultaneous counting could be a problem when the distance between samples and the detector is 
short, and environmental samples and the detector are made as close as possible for increasing 
detection efficiency due to the low radioactivity level of environmental samples. Therefore, counting 
loss due to simultaneous counting is to be corrected in radioactivity evaluation for these nuclides. 
Among the nuclides targeted for this monitoring and survey program, those for which correction of 
simultaneous counting (or sum correction) is required are 60Co and 88Y. Figure 3.12 shows the sum 
correction factor for 88Y and 60Co for each sample amount. Though accidental simultaneous counting 
also occurs in addition to true simultaneous counting when counting in samples with high 
radioactivity concentration, it is not significant due to the low radioactivity concentration of 
environmental radiation samples or standard samples suitable for it, and therefore, its correction is not 
required.   
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Fig. 3.12 Summing factor for each sample quantity of nuclide 60Co and 88Y 
 
3.3.3 Gamma spectrometry method 
Gamma spectrometry cannot be explained in one meaning as it has different forms according to the 
purpose or required type of information, spectrum characteristics(resolution and shape of peak, 
existence density of peak, statistical fluctuation, etc.) and analysis means(type or capability of 
calculator), etc. 
Particularly, the use of the computer is essential if dependency on analysis means are great and speed, 
accuracy and reliability of spectrum analysis are required. That is, consistently performed data 
processing is unavoidable from the data transfer from MCA memory to the computer through a 
variety of operations to the recording of analysis results when processing about 4000 items of huge 
data (per-channel counts). Therefore, many commercial S/W have been provided today for consistent 
data processing by use of PC. Fig 3.13 shows the flow of general data analysis in gamma 
spectrometry. This flow chart may be significantly different according to used equipments or analysis 
means. 
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Fig. 3.13 Flow chart of the gamma spectrum analysis 
 
1) Spectrum smoothing and peak search(discrimination) 
In gamma ray spectrum measured by the Ge detector, the peak is commonly on a flat continuous part 
(referred to as baseline) and statistical fluctuation has been added. If compared to electrical signals, 
they correspond to signal component (peak), DC component (baseline) and noise component 
(statistical fluctuation). Therefore, the aim of gamma spectrometry is to improve S/N ratio and 
remove the DC component for analyzing the signal component. The first stage is the improvement of 
S/N ratio, that is, spectrum smoothing. While smoothing of electrical signals can be actively 
performed by using a filter circuit, the smoothing of gamma spectrum, discrete data, is to be 
performed through operational processing by using a numerical filter. The simplest method for 
removing statistical noise is to obtain the average in a section including a certain channel. At the time, 
an average to which each point equally contributes is called simple moving average, and it only 
indicates the arithmetic mean. More than once of smoothing is desirable and attention shall be paid to 
the points that the analysis area of peak shall be widened according to its accuracy and peak center 
shifts if the peak is located nearby. The next is a method for discriminating the peak in a spectrum 
with the computer, and it is compared with the preset criteria of discrimination for determination 
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according to significance level. Smoothing is to perform a kind of convolution for the improvement of 
S/N ratio, and on the contrary, peak search method is based upon a method considering spectrum 
differentiation. As the baseline of spectrum can be considered as an almost straight line in a certain 
limited channel area (several times FWHM), peak could be removed by primary or secondary 
differentiation. The method including smoothing is used, however, as spectrum with great statistical 
fluctuations may have the fluctuations bigger if differentiated as it is. The method is secondary 
differentiation and it is almost the same as smoothing which has been mentioned above.  
 
2) Determination of peak center channel  
There are several methods for obtaining the peak center channel, and a suitable method is selected by 
considering peak width, peak symmetry, statistical fluctuations of counting, calculation means, etc. 
Though a rough center can be identified from the figure plotted on the graph, the methods by 
calculation are explained here to exclude the requirement of sense.  
① Primary differential coefficient Zero-Cross 
This is similar to spectrum smoothing or peak search method explained above, and a method where 
the point at which the primary differential coefficient of the peak horizontally passes through zero is 
made the peak center. 
② Conversion to exponential function 
As the peak center can be approximated to a Gaussian function, it is converted to a simple exponential 
function to obtain the center channel of the peak. Besides them, there is a method using the center of 
gravity of the peak, method by counts at three points near to the peak, etc. 
 
3) Determination of FWHM 
Gamma ray spectrum obtained by HPGe detector generally uses about 0.5 keV/ch of channel width, 
and in this case, the number of channels which form the peak is several at most. Therefore, it is very 
difficult to obtain FWHM by plotting the data of the peak part. Accordingly, calculation by the 
assumption of peak center as a Gaussian function is used. As these methods, function fitting (non-
linear least squares method), conversion to the exponential function, etc. are applied. 
 
4) Determination of peak area 
Peak area is the sum of net counts of the peak, and with this, radioactivity is quantitatively determined. 
For spectrum obtained by NaI detector, it is not easy to obtain accurate peak area due to difficult 
baseline setting as energy resolution is not relatively good. On the contrary, it is relatively easy to 
obtain peak area in gamma ray spectrum obtained by Ge detector as the baseline can be clearly set. 
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Methods for obtaining peak area can be classified into count integration where counts of channels are 
added and function fitting. Though the former has high reliability due to easy calculation for a single 
peak, analysis is difficult if more than one peak is close to one another or overlapped. The latter is 
more suitable for the analysis of overlapped peaks than a single peak, but it requires a computer and 
long calculation time (related to computer performance, number of parameters, etc.) and it is not easy 
to make an analysis program. 
① Setting of analysis area 
It is required to determine channel areas (peak area and baseline area) for analysis both in count 
integration and function fitting methods. In the function fitting method, peak area and baseline area 
are divided and analysis area including both areas is determined. 
② Determination of peak area by count integration 
Obtaining peak area by count integration is widely used due to simple calculation, but it is mostly 
effective for an independent, single peak. It can be applied, however, to overlapped peaks in a special 
case(peaks are caused by the same nuclide or, another independent peak is a reference peak). This 
method is sufficient for the most of gamma spectrometry in practice, and it is rather most suitable for 
the case where only certain nuclides are targeted as in the gamma ray analysis of environmental 
samples. In the count integration method, peak shape is not directly related, but the shape of baseline 
often becomes a problem. But, the baseline can be taken as a straight line if the analysis area is not so 
wide. The baseline of the straight line has big error if the peak is located at the Compton edge, but this 
case is almost rare. Baseline is obtained by counts in the baseline area explained above, and it can be 
treated as a straight line or, by applying a polynomial like quadratic or cubic expression as counts on 
low and high energy sides are stepped. 
5) Measurement and correction of background spectrum 
Even if energy spectrum is measured without a sample with the detector put into lead-shielded 
container, a variety of energy peak appears. This background spectrum as shown Fig. 3.14 and Table 
3.5 is a phenomenon where gamma ray peaks are always measured from natural radioactive nuclides 
surrounding the detector, radioactive nuclides contained in the detector or lead shield, noise of the 
measurement system irrespective of measurement samples. Mostly, daughter nuclides of U and Th 
and nuclides like 40K contribute to it. 
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Fig. 3.14 Background spectrum of U8 vial 
 
This background spectrum should be subtracted from the spectrum obtained by the sample 
measurement after measured in advance as it appears overlapped in sample measurement., The points 
to which attention should be paid are to set the time for measuring samples and background 
identically, and perform measurement for the unfilled sample container with the same geometric 
structure and characteristics using the measuring device. As Genie 2000 program used in this research 
has the function for saving and correcting background spectrum measurement data, background has 
been corrected by using the function. To correct background spectrum, move to Analyze → Area 
Correction → Std. bkg. Subtraction menu on the main screen and load the previously measured and 
analyzed background spectrum. [13] 
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Table 3.5 Typical radionuclides in the background spectrum 
Energy 
(keV) 
Nuclide 
Energy 
(keV) 
Nuclide 
Energy 
(keV) 
Nuclide 
46.5 
210
Pb 238.632 
212
Pb 727.33 
212
Bi 
63.3 
234
Th 241.997 
214
Pb 860.56 
208
Tl 
77.109 Pb 295.224 
214
Pb 880.52 
234
Pa 
92.59 
234
Th 338.32 
228
Ac 911.196 
228
Ac 
94.666 Pa 351.932 
214
Pb 946 
234
Pa 
98.44 Pa 477.603 
7
Be 968.96 
228
Ac 
131.3 
234
Pa 511 Annihilation 1120.287 
214
Bi 
143.94 
235
U 569.5 
234
Pa 1460.822 
40
K 
185.72 
235
U 583.187 
208
Tl 1764.494 
214
Bi 
186.211 
226
Ra 609.312 
214
Bi 2614.511 
208
Tl 
 
3.3.4 Statistical method 
t-Test is a parametric statistical technique most used in simple experiments for verifying if averages 
of two groups or related samples have been extracted from the same population, and checking if 
averages of two groups show statistically significant difference by considering the variation in two 
groups which are compared with each other.  
Basic assumptions for t-test are follows. 
1. A dependent variable shall be a quantitative variable. 
2. It is used when the variance and standard deviation of the population is not known. 
3. Distribution of the population shall be normal distribution. 
4. Equal variance assumption shall be satisfied. 
 
t value indicates the effect of variables, and the sign and size are important. A variable with big t 
value can be interpreted as having great effect on the dependent variable. The sign of t value is 
referred to when performing hypothesis test (positive/negative effect). 
t value is expressed as follows. 
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  ̅̅ ̅    ̅̅ ̅
    ̅̅ ̅    ̅̅ ̅ 
 
 
   ̅̅ ̅ and   ̅̅ ̅ are averages of group 1 and 2, respectively, and in     ̅̅ ̅    ̅̅ ̅ , s is standard error. 
Therefore,     ̅̅ ̅    ̅̅ ̅  indicates the standard error for the difference of averages of two groups.  ̅ is 
read as X-bar. At the time,     ̅̅ ̅    ̅̅ ̅  can be expressed again as follows.  
    ̅̅ ̅    ̅̅ ̅  √
  
 
  
 
  
 
  
 
 
n1 and n2 indicate the size of two samples. According to this formula,     ̅̅ ̅    ̅̅ ̅ can be roughly 
understood as the square root for the sum of variations, that is, variances of each group divided by the 
size of each one. Therefore, it is desirable to make the size of each group, denominator, bigger to 
reduce standard error, if the Central Limit Theorem is considered that as the sample size increases, 
sampling distribution of sample means converges to normal distribution. The point to which attention 
should be paid is, here, variations within two groups. The important operational principle of t-test is 
that objective comparison can be made between two groups if members in each group do not show big 
difference from the mean (central tendency of the group), that is, have attributes similar to the mean. 
Therefore, P-Value less than 0.05 means the assumption that variances of two groups are 
homogeneous is violated. [15] P-Value is a value used for testing the significance of a hypothesis, and 
generally, P value less than 0.05 can be considered as statistically significant.  
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IV. Results & Discussions 
 
4.1 Reliability Results of the Analysis of 
137
Cs 
Table 4.1 shows the analysis results of 137Cs among comparison samples provided through domestic 
cross-analysis performed by KINS in 2012-2013. These values are almost identical to the reference 
values set in accordance with the evaluation method of IAEA AQCS (Analytical Quality Control 
Service), evaluation standard for comparison and analysis of gamma nuclides in soil samples, which 
gives objective reliability to the analysis results of this experiment. [16] 
Table 4.1 Analysis results of 137Cs, 134Cs for KINS reference materials 
Material  Nuclide Year Measured values Reference values Evaluation 
Soil 
137Cs 2012 90.2 ± 2.6 83.0±2.6  A (acceptable) 
 
2013 87.9 ± 2.4 89.9 ± 2.6  A (acceptable) 
Water 
134
Cs 2012 43.6 ± 10.4 49.6±0.8  A (acceptable) 
 
2013 34.2 ± 0.7 34.6 ± 0.4  A (acceptable) 
137Cs 2012 11.1 ± 2.46 10.9±2.0  A (acceptable) 
 
2013 32.6 ± 1.0 34.3 ± 0.8  A (acceptable) 
 
4.2 Soil Samples 
Table 4.2 shows the results of analysis on soil collected by considering isotropy and distance(5 km, 
10 km, 15 km, 20 km, 25 km, 30 km) centered upon (Sin) Gori unit 3 & 4 in Ulsan. 40K, natural 
nuclide has shown the concentration range of 335 ~ 877 Bq/kg-dry, and 137Cs, artificial nuclide was 
detected in 12 samples among total 14 samples. Average concentration of 137Cs was 13.1 Bq/kg-dry 
with the range of <1.10 ~ 38.2 ± 1 Bq/kg-dry. Particularly, it has not been detected in two samples and 
detected with the concentration of 28.2 ± 1.0 Bq/kg-dry in one sample at three points within 10 km 
from the nuclear power plants. While these are within 4.5 ~ 145 Bq/kg-dry (average concentration: 
34.5 Bq/kg-dry) of the concentration range of 137Cs in Korean soil [17], concentration range in the 
vicinity of the Gori NPP site for 5 years surveyed by Korean nuclear power plant operators is <0.3 ~ 
4.39 Bq/kg-dry and its average is 1.08 Bq/kg-dry [18], which are somewhat lower than the above two 
research results. It thought that it is due to the low and flat topography of Seosaeng-myeon, the area 
39 
 
where the nuclear power plant is located, and sample collection points which are located in a high 
mountain (elevation: 209 m) which increases the possibility of 137Cs in the air penetrating into soil 
compared with low lands. [19] Other points also were within the average concentration range of 
137
Cs, 
and artificial gamma ray isotopes other than 137Cs have not been detected. 
Table 4.2 Analysis results of soil samples 
Location 
40
K 
137
Cs 
134
Cs 
5-1 662 ± 22 ＜1.10 ＜ 1.10 
5-2 465 ± 13 28.2 ± 0.8 ＜ 1.21 
10-1 348 ± 11  ＜1.12 ＜ 1.45 
15-1 493 ± 15  38.2 ± 1.0  ＜ 1.49 
20-1 519 ± 15  21.5 ± 0.7  ＜ 1.48 
20-2 736 ± 19  3.81 ± 0.24  ＜ 1.42 
20-3 815 ± 21  2.32 ± 0.21  ＜ 1.49 
25-1 335 ± 11  22.1 ± 0.7  ＜ 1.37 
25-2 769 ± 20  6.56 ± 0.31  ＜ 1.51 
30-1 877 ± 22  11.0 ± 0.4  ＜ 1.39 
30-2 606 ± 17  6.18 ± 0.32  ＜ 1.48 
30-5 450 ± 13  2.18 ± 0.13  ＜ 1.51 
30-5 513 ± 15  2.40 ± 0.22  ＜ 1.37 
                                                            Unit: Bq/kg-dry 
 
Fig 4.1 shows the arrangement of the results for 137Cs concentrations in accordance with the distance 
from (Sin) Gori NPP. Correlation between the distance from the NPP and the concentration of 
radioactive cesium has shown 0.1017 of coefficient, which shows no obvious tendency in the change 
of concentrations according to the distances from the NPP. 
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Fig. 4.1 Concentration of 137Cs in soil samples 
 
4.3 Surface Water 
Table 4.3 shows the results of analysis on surface water collected by considering isotropy and 
distance(5 km, 10 km, 15 km, 20 km, 25 km, 30 km) centered upon (Sin) Gori unit 3 & 4 in Ulsan. 
Only 40K, radioactive material composing crust has been detected, and artificial gamma ray nuclide 
like 131I or 137Cs has not been detected. 40K has been detected with the range of 29.7 mBq/L ~ 763 
mBq/L (average concentration: 240 mBq/L). Large amount of 40K has been detected in samples 
collected from midstream and downstream areas of Taewha River due to high mineral contents caused 
by the inflow of sea water, which makes the concentration range showing big difference. 
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Table 4.3 Analysis results of surface water samples 
Location 
40
K 
131
I 
137
K 
5-1 221 ± 12 ＜ 1.94 ＜ 1.46 
10-1 602 ± 20 ＜ 3.01 ＜ 1.92 
15-2 243 ± 11 ＜ 2.37 ＜ 1.43 
20-2 72.9 ± 7.5 ＜ 2.30 ＜ 1.48 
25-1 112 ± 8 ＜ 1.82 ＜ 1.35 
25-2 763 ± 26 ＜ 13.3 ＜ 2.38 
25-3 104 ± 260 ＜ 13.0 ＜ 7.30 
30-1 29.7 ± 6.5 ＜ 2.21 ＜ 1.48 
30-2 79.9 ± 7.6 ＜ 2.10 ＜ 1.51 
30-3 53.3 ± 7.1 ＜ 2.33 ＜ 1.36 
30-4 131 ± 9 ＜ 2.24 ＜ 1.54 
30-5 31.2 ± 6.6 ＜ 2.45 ＜ 1.49 
Unit: mBq/L 
 
 
4.4 Living Environment Sample (Rice, Cabbage) 
Table 4.4 shows the results of analysis on rice and cabbage cultivated within 5km from the NPP 
and at about 30 km, relatively long distance where low impact of NPP is expected. Only natural 
nuclides like 40K have been detected in all samples, and artificial gamma ray-emitting nuclides have 
not been detected. Nationwide environmental radioactivity survey performed in 2013 by Korea 
Institute of Nuclear Safety at 14 regional measurement stations has shown the detection range of 
<8.26 ~ 10.9 ± 1.7 mBq/kg-fresh and <16.8 ~ 15.4 ± 2.1 mBq/kg-fresh for rice and cabbage, 
respectively. These concentration levels are very low if compared with maximum permissible limits 
of food in Korea as shown in table 4.5.  
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Table 4.4 Analysis results of food samples 
Samples 
5 km from NPPs 30 km from NPPs 
40K 137Cs 134Cs 40K 137Cs 134Cs 
Rice 23.0 ± 0.6 ＜13.0 ＜11.0 16.0 ± 0.4 ＜9.0 ＜88.4 
 
Chinese 
cabbage 
46.7 ± 1.1 ＜13.0 ＜11.0 88.0 ± 2.1 ＜24.1 ＜21.8   
Unit: Bq/kg-fresh for 
40K 
mBq/kg-fresh for 137Cs, 134Cs  
 
 
 
Table 4.5 Guidance levels for radionuclides in food in Korea  
Nuclide Food (Bq/kg or Bq/L) 
131I 
Formula diet for infant/baby 
100 
Cereal formula for infant/baby,  
Other baby food, 
Special formula diet for infant/baby 
Milk and milk product 100 
All the rest of food stuff 300 
134Cs+137Cs All food 370 
KFDA Notification of ministry of food and drug safety 2011-14, 2011.9.18 
 
 
4.5 Indicator Plants (Mugwort, Moss, Pine needles) 
Results for moss and pine needles have been shown in table 4.6 and 4.7. In pine needles, 58.8 and 
80.8 mBq/kg-fresh of 137Cs concentrations have been detected at two points(20 km and 25 km), 
respectively, and tendency of concentration according to distance cannot be found as shown in figure 
4.3. In moss, 1.34 mBq/kg-dry of 134Cs concentration has been detected at 10 km, and about 0.3 of 
134Cs /137Cs ratio has been calculated in one sample by using the half-life of 134Cs (Half-life=2.06 yr.) 
which has relatively short half-life compared with 
137
Cs (Half-life=30 yr.). It is judged that the result 
is influenced by Chernobyl (ratio: 0.5). In case of Fukushima disaster, released 134Cs /137Cs ratio was 
known for 1. 137Cs has been detected in all of three samples, concentrations show the range of 3.34 ~ 
22.1, and the distances from NPP and radioactive cesium concentrations showed 0.7921 of correlation 
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as shown in figure 4.2. Pine needles collected at 10 km point have shown 22.1 Bq/kg-dry of rather 
high 137Cs concentration compared with 20 ~ 30 km points and the soil collected together from the 
same point has also shown 38.2 Bq/kg-dry of concentration. Nationwide environmental radioactivity 
survey performed in 2013 by Korea Institute of Nuclear Safety at 14 regional measurement stations 
has shown the 137Cs concentrations of <17.1 ~ 62.4 mBq/kg-fresh in pine needle samples, and a 
survey performed in 2012 for 12 points in Jeju Island has shown 15.0 ~ 40.9 and 6.53 ~ 39.0 mBq/kg-
dry of 137Cs and 134Cs concentrations, respectively, in moss samples. [14] 
Table 4.6 Analysis results of moss samples 
Distance from NPPs 
40K 137Cs 134Cs 
Bq/kg-dry mBq/kg-dry 
10 km 446 ± 16 22.1 ± 0.8  1.34  ±  0.19 
20 km 352 ± 13 3.34 ± 0.29 ＜1.71 
30 km 181 ± 15 2.22 ± 0.43 ＜2.79 
 
 
 
Fig. 4.2 Concentration of 
137
Cs in moss samples with distance 
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Table 4.7 Analysis results of pine-needle samples 
Distance from NPPs 
40
K 
137
Cs 
134
Cs 
Bq/kg-fresh mBq/kg-fresh 
5 km 133 ± 3 ＜112 ＜ 113  
20 km 69.3 ± 1.7 58.8 ± 6.6  ＜ 45.2  
25 km 62.9 ± 1.6 80.8 ± 9.5  ＜ 51.6  
30 km 70.4 ± 1.7 ＜30.9 ＜ 29.9  
 
 
Fig. 4.3 Analysis results of pine needle samples 
 
4.6 Exposure Rate Measurement Data on Sites 
 Table 4.8 and figure 4.4 have shown the results of spatial gamma dose rate measured together at 
major sample collection points. They have shown the range of 134~213 nSv/h (average: 174±21 
nSv/h) and 140~203 nSv/h (average: 173±19 nSv/h) in counting and dose rate modes, respectively. 
Results of spatial gamma dose rate survey performed in 2013 by Korea Institute of Nuclear Safety in 
preparation for emergency with the same measuring device as used in this research has shown the 
range of 97 ~ 285(average: 168) nSv/h and 71~286(average: 163) nSv/h in counting and dose rate 
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modes, respectively. Results of this research are also within those ranges, showing normal levels.  
 
Table 4.8 Range of dose rate with distance from NPPs 
Distance from NPPs Count mode Dose Rate mode 
5-1 km 188 203 ± 9 
5-2 km 134 140 ± 9 
15-1 km 168 160 ± 14 
20-1 km 182 186 ± 15 
20-2 km 213 199 ± 17 
25-1 km 176 159 ± 12 
25-2 km 182 184 ± 14 
30-1 km 191 182 ± 16 
30-2 km 175 183 ± 19 
30-4 km 158 155 ± 20 
30-5 km 143 156 ± 14 
nSv/h 
 
Fig 4.4 Range of dose rate with distance from NPPs 
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4.7 Comparison with Other Regions (t-Test) 
To perform the comparison test about the effect of regions with and without nuclear facilities around 
on the environment, t-test has been performed for soil samples and spatial gamma dose rate. As shown 
in table 4.9, 137Cs concentrations detected in surface soil (0~5 cm) collected from monitoring posts of 
regional radioactivity measurement stations and those in soil samples collected from the Ulsan sample 
survey in this paper have been compared for t-test on soil samples. Among regions with a regional 
radioactivity measurement station, regions without nuclear power plants in the administrative district 
like Jeju, Seoul, Andong, Gunsan, Gangneung and Gyeonggi have been used as non-NPP regions. 
According to the results of comparison between 137Cs concentration in soil samples, 0.15 of P-value 
has been generated which is three times the significance level (0.05) at the 95 % confidence interval. 
Spatial gamma dose rates measured with a portable spatial gamma dose rate meter (FH40G,Therom 
Sci.) in this paper have been also compared with the results of spatial gamma dose rate measurement 
performed in 2013 by Regional Radioactivity Measurement Station in Gunsan, a non-NPP region by 
using the same device as shown in table 4.10 ~ 4.11. According to the results, P-value is 0.17 which is 
over three times the significance level (0.05) and it was 0.16 in counting mode. Therefore, it is judged 
from this verification that there is no impact of radiation due to the nuclear facilities on the 
surrounding environment.  
Table 4.9 t-Test of soil samples 
  
Bq/kg-dry 
point 
NPPs 
(Ulsan) 
  point 
Non-NPPs 
(Nationwide) 
S-1 28.2 ± 0.7 S-1 2.10 ± 0.18 
S-2 38.2 ± 1.0 S-2 13.9 ± 0.4 
S-3 21.5 ± 0.7 S-3 1.34 ± 0.15 
S-4 3.81 ± 0.24 S-4 19.0 ± 0.5 
S-5 2.32 ± 0.21 S-5 8.21 ± 0.40 
S-6 22.1 ± 0.7 S-6 11.4 ± 0.5 
S-7 6.56 ± 0.31 S-7 1.41 ± 0.16 
S-8 11.0 ± 0.4 S-8 0.91 ± 0.15 
S-9 6.18 ± 0.32 S-9 0.84 ± 0.15 
S-10 2.18 ± 0.13 S-10 11.6 ± 0.9 
S-11 2.40 ± 0.22 S-11 5.19 ± 0.30 
P-value  0.15  
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Table 4.10 t-Test of dose rate mode 
  
nSv/hr 
point 
NPPs 
(Ulsan) 
point 
Non-NPPs 
(Gunsan) 
D-1 203 ± 9 D-1 191 ± 21 
D-2 140 ± 9 D-2 179 ± 18 
D-3 160 ± 14 D-3 177 ± 17 
D-4 186 ± 15 D-4 181 ± 24 
D-5 199 ± 17 D-5 200 ± 22 
D-6 159 ± 12 D-6 194 ± 21 
D-7 184 ± 14 D-7 170 ± 14 
D-8 182 ± 16 D-8 165 ± 24 
D-9 183 ± 19 D-9 196 ± 20 
D-10 155 ± 20 D-10 207 ± 12 
P-value  0.17  
    
 
Table 4.11 t-Test of counts mode 
  
nSv/hr 
point 
NPPs 
(Ulsan) 
point 
Non-NPPs 
(Gunsan) 
C-1 188 C-1 207 
C-2 134 C-2 174 
C-3 168 C-3 172 
C-4 182 C-4 184 
C-5 213 C-5 200 
C-6 176 C-6 208 
C-7 182 C-7 196 
C-8 191 C-8 169 
C-9 158 C-9 161 
C-10 143 C-10 199 
P-value  0.16  
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V. Conclusions 
From the comparative analysis on spatial gamma dose rate and environmental radioactivity in a 
variety of samples like soil, surface water and indicator plants, it has been confirmed that 
environmental radiation level in Ulsan is similar to the level in non-NPP regions at the 95 % 
confidence interval. 
According to the results of radiological impact assessment in Ulsan for (Sin) Gori NPP, 
measurement by use of a portable spatial gamma dose rate meter has shown normal results of 
174±21 and 173±19 nSv/h of averages in counting and dose rate modes. Though 137Cs has been 
detected in soil samples with the range of <1.10 ~ 38.2 Bq/kg-dry (average: 13.1 Bq/kg-dry), they 
cannot be considered as unusual values as the average concentration of 137Cs in Korean soil is 34.5 
Bq/kg-dry. It thought that there is no difference Ulsan and non-NPP areas as only 40K, a natural 
nuclide has been detected in 12 surface water samples, and also in rice and cabbage, artificial 
nuclides have not been detected both within 5 km from the NPP and at more than 30 km. Though 
58.8 and 80.8 mBq/kg-fresh of 137Cs concentrations have been detected at two points (20 km and 25 
km), respectively, in needles of pine, an indicator plant, it was difficult to find a tendency of 
concentrations according to distances from the NPP. All of three moss samples have shown the 
137
Cs 
concentrations of 3.34 ~ 22.1 mBq/kg-dry and the distances from the NPP and 137Cs concentrations 
have shown the correlation of 0.7921. Analysis results of the entire samples have shown that it was 
not possible to find a tendency of radioactivity concentration according to the distance from the NPP 
in samples other than moss. 134Cs (half-life: 2.06 years) and 137Cs (half-life: 30 years) which behave 
together in an accident have been detected in soil, pine needles and moss samples. The range of 
detected values is not greatly different from that detected in other regions of Korea, and artificial 
gamma ray-emitting nuclides other than 137Cs and 134Cs discharged by nuclear facilities have not 
been detected. Judging from the ratio to 137Cs, it is thought that the concentration of 134Cs has been 
caused by a reason of Chernobyl accident. 
By comparing with the non-NPP regions in the nationwide environmental radioactivity monitoring 
results performed by Korea Institute of Nuclear Safety, t-test has been performed for soil samples 
and ERM results. According to the results of comparison with soil data of nationwide radioactivity 
measurement stations, 0.15 of P-value has been generated which is three times the significance 
level (0.05) at the 95% confidence interval, and also in the comparison of spatial gamma dose rate 
with that of Gunsan, 0.17 of P-value which is over three times the significance level (0.05) has been 
generated and the value was 0.16 in counting mode. Therefore, it thought that there is no impact of 
the nuclear facilities on the surrounding environment. 
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According to these survey results for obtaining base data to determine if clustering and operation of 
nuclear facilities have influence upon the surrounding environment and discharge of radioactive 
materials have impact on residents who live in the vicinity and improving assessment capability, it has 
been confirmed from statistical comparative analysis on environmental radiation/radioactivity that 
there is no radiological impact due to the operation of nuclear facilities in Ulsan and the surrounding 
areas are safe from the radiation environment. It is expected that consistent strengthening of 
environmental radiation monitoring can ensure the environmental radiation safety of nuclear facilities 
and contribute to the correct understanding of nuclear energy and the relief of public anxiety about 
nuclear energy. 
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석사과정 2년 동안 원자력이라는 공통된 관심으로 모여 같이 공부하고 좋은 추억을 만
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